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ABSTRACT 

In May 2008 the soft gamma-ray repeater SGR 1627-41 resumed its bursting activity after 
nearly a decade of quiescence. After detection of a bright burst. Swift pointed its X-ray tele- 
scope in the direction of the source in less than five hours and followed it for over five weeks. 
In this paper we present an analysis of the data from these Swift observations and an XMM- 
Newton one performed when SGR 1621— M was still in a quiescent state. The analysis of the 
bursts detected with 5w//f/BAT shows that their temporal and spectral properties are similar 
to those found in previous observations of SGR 1627-41 and other soft gamma-ray repeaters. 
The maximum peak luminosity of the bursts was ^2 x 10"*^ erg s~^. Our data show that the 
outburst was accompanied by a fast flux enhancement and by a hardening of the spectrum 
with respect to the persistent emission. 

Key words: X-rays: individual: SGR 1627^1 - stars: neutron - X-rays: bursts. 



1 INTRODUCTION 

The soft gamma-ray repeater (SGR) SGR 1627-41 is likely to 
host a 'magnetar', i.e. an isolated neutron star believed to have 
an extremely strong magnetic field {B ~ 10^*-10^^ G) pow- 
ering thei£_brirfH2f-ray emission and peculiar bursting activity 
(e.g. lMereghettill2008h . Several magnetars, including SGR 1627- 
4 1 , have been observed to emit short bursts ( < 1 s) in the hard X/sof t 
gamma-ray band, with characteristic peak luminosities of the order 
of ~10''^-10*^ erg s^^. Besides short bursts, SGRs are known to 
emit intermediate and giant flares, with typical durations of 0.5-500 
s, during which luminosities up to ^lO*^ erg s^^ can be achieved. 
SGR 1627-41 was discovered in 1998 by the Compton 
Gamma Ray Observatory because of the intense bursts it emitted 
at the time JKouveliotou et alj|l998l) . These bursts, more than a 
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hundr ed in six weeks, were also observed b y other X-ray satel- 
lites JHurley et al.l Il999l: IWoods et al] 1 19991 : iFeroci et alj 1 19981 : 
ISmith et al.l 1 19991 : JMazets et alj [T999h . Soon after the discovery 
of the bursts, the persistent X-ray emission of this SGR was de- 
tected by BeppoSAX at a luminosity of ~10^^ ergs~^ (a ssum- 
ing a distance to the source of 11 kpc; Corbe l et al.lll999f) . The 
quiescent spectrum was well modelled by an absorb ed power law 
(A^H « 8 X 10^^ cm~^ and photon index T « 2.5: IWoods et al.1 



1 19991) . No further bursting activity has been reported since then, 
but several X-ray satellites observed the X-ray persistent counter- 
part of SGR 1627-41 i n the past ten years JKouveliotou et alj200ll : 
iMereghetti et al.l2006l) . Since its discovery, this persistent emission 
showed a slow luminosity decay, from about 10'^^ to 10^^ erg s~^, 
the lowest value ever obser ved for an SGR, and a spectral softening 
from r f« 2 to 4 (Ko uveliotou et al.ll2003 : Mereghetti et al. 2006i) . 
The post-burst cooling trend seen in X-rays is peculiar among 
SGRs; rather it resembles the behaviour of transient anomalous X- 
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ray pulsars (AXPs), a sub-class of the magnetar family. 

Here we report on the last observation of SGR \621-A\ per- 
formed at the end of the ten year long stretch of quiesce nce and on 
the burst re-activation of the source on 28 May 2 008 ( iPalmer et alj 
I2OO8I; iGolenetskii et alj2008l; IWoods et al.ll2008h . 



2 THE FEBRUARY 2008 XMM-NEWTON OBSERVATION 



The last XMM-Newton jjansen et all l200lh observation of 
SGR 1627-41 before the May 2008 re-activation was carried out 
on 12-13 February 2008 and lasted about 80 ks. The EPIC pn and 
MOS cameras (sensitive in the 0.1-15 keV range) were operated in 
Full Frame mode with the medium optical filter. The data were pro- 
cessed using version 7.1.0 of the XMM-Newton Science Analysis 
Software (SAS). We selected events with patterns 0-4 and 0-12 for 
the pn and the MOS cameras, respectively. The data were filtered 
to reject intervals with soft-proton flares, reducing the net exposure 
time to 49.3 ks for the pn detector, 68.3 ks for the MOS 1, and 69.4 
ks for the MOS 2. 

Source spectra were accumulated for each camera from cir- 
cular regions with a 25" radius. The background counts were 
selected from a 70 x 150 arcsec^ box centred at RA — 
16''36"'01':4, Decl. = -47°34'27'.'6. About 330 counts above the 
background were collected from SGR 1627-41 by the pn between 
2 and 10 keV, 150 by the MOS 1, and 160 by the MOS 2. Spectral 
redistribution matrices and ancillary response files were generated 
using the SAS tasks RMFGEN and ARFGEN. The spectral fitting was 
performed using the XSPEC fitting package version 12.4. The data 
were grouped so as to have at least 20 counts per energy bin and 
the spectra from the MOS 1, MOS 2, and pn in the 2-10 keV range 
were fit simultaneously (spectral channels having energies below 2 
keV were ignored, owing to the very low signal-to-noise ratio). We 
fit an absorbed power-law model and obtained the following best- 
fit parameters (x? = 0.98 for 42 degrees of freedom): absorption 
A^H = (10±2) X 10^^ cm"^ and photon index F = i-itll (here- 
after all errors are at 1 ct confidence level). The observed 2-10 keV 
flux was ( 6=b2) X 10~^"^ erg cm~^ s ~ ^ . For comparison wi th previ- 
ous work JKouveliotou et alj|2003l ; lMereghetti et al.ll2006l) we also 
fit the data keeping the absorption column fixed at A'h = 9 x 10^^ 
cm~^, obtaining a similar photon index F = 3.0 ± 0.2 and a flux of 
(6±l)x 10"^'' erg cm^^ s^^.This value (plotted in Figure[TJ hints 
at a further luminosity decreas e since the previous X MM-Newton 
observations (September 2004; lMereghetti et alj2006l) . 



3 SWIFT OBSERVATIONS AND DATA ANALYSIS 



Swift JGehrels et alj 120041) was specifically designed to study 
Gamma Ray Bursts (GRBs) and their afterglows, and its pay- 
load i ncludes a wid e-field instrument, the Burst Alert Telescope 
(BAT; iBarthelmv et al. 2005), and two narrow-field instruments, 
the X-Ray Telescope (XRT; Burrows et al. 2005) and the Ultravio- 
let/Optical Telescope (UVOT: Roming et al.,,2005. ). In this Section 
we report on the results obtained from our analysis of the Swift BAT 
and XRT observations of SGR \621-'X\ performed since its May 
2008 re-activation. Given the extremely large optical extinction in- 
ferred from the X-ray absorption o f the SGR 1627-41 spectrum 
(Av > 40 mag JWachter et alj2004l) the UVOT instrument cannot 
provide meaningful constraints on the ultraviolet/optical emission 
of SGR 1627^1. 
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Figure 1. Long term light-cur ve of SGR 1627—41 ba sed on data from dif- 
ferent satellites (updated from lMereghetti et alj|2006l) . The vertical dashed 
lines indicate the onset of the two burst-active periods of the source. The 
inset shows in detail th e light-curve around the 2008 reactivation, using 
also Chandra data from lXiengo et alj )2008l) and I Woods et al.l J20O8l) . The 
down-arrows indicate upper limits at 3 cr confidence level. 



3.1 Burst Alert Telescope data - Bursting emission 

The coded mask gamma-ray (15-150 keV) BAT instrument spends 
a large fraction of its time waiting for the occurrence of a GRB in 
its field of view (FOV). Whenever a GRB or an interesting hard 
X-ray transient is detected, information for individual photons is 
sent to the ground in order to have the maximum energy and time 
resolution (event data). If no GRB is detected, the on board soft- 
ware accumulates the detector count map in 80-channel histograms 
with a typical integration time of ~5 minutes (survey data). In this 
mode, continuous full-detector count rate information is available 
in 4 energy bands at 64 ms resolution, providing a light-curve for 
bright variable sources in the FOV. 

On 28 May 2008 at 08:21:43 UT B AT triggered on an d lo- 
calised a bright burst from SGR 1627-41 (Palmer et al.'2008"). An- 
other bright burst was detected at 09:53:00 UT and was followed 
by tens of bursts extending to at least 10:25:54 UT (see Figure|2]l- 
Due to the non-continuous coverage, the net exposure time spent 
by BAT on the source was -^3.4 ks. In this Section we present the 
study of bursts detected when event data were available (~2.3 ks). 

The data reduction was performed using version 2.8 of the 
standard Swi/Z/BAT analysis software distributed within FTOOLS 
under the HEASOFT package (version 6.4.0). For each event file, the 
background-subtracted counts of the source were extracted from 
the detector pixels illuminated by the source by using the mask- 
weighting technique. Light-curves in the 15-50 keV band showing 
the bursting activity were produced. For each burst, a spectrum of 
the entire bursting time interval was extracted. 

We identified in the BAT data eight bursts with more than 500 
counts in the 15-50 keV energy range. Their spectra were fit well 
by an optically-thin thermal bremsstrahlung (OTTB) model with 
temperatures ranging from about 10 to 70 keV and are overall sim- 
ilar to those detected during the previous outburs t of SGR 162 7^1 
as well as the outbursts from other SGRs ( Aptek ar et al.ll20011) . 

The main problem with the OTTB model is that, while it gen- 
erally provides good fits to the spectra of SGR bursts in the hard 
X-rays (>15 keV), it tends to overestimate the flux at low ener- 
gies when broad band data are available (e.g. lOlive et al.ll2004l : 
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Figure 2. The time-line of the bursts detected by the Swift Burst Alert Telescope (generated on board, see Section im . The portion plotted in red corresponds 
to the temporal range for which event data were available; for the portion in blue only rate and survey data were distributed. 

Table 1. Spectral fit results (in the 15-100 keV range) of the bright bursts detected by Swiftm/^ (see Figure|2) for the double blackbody model. 
We assume a distance to the source of 1 1 kpc. 



Burst Net counts 



Duration 

(s) 



(keV) 



Ri 
(km) 



(ergs^i) 



(keV) 



R2 
(km) 



L2" 
(erg s~i) 



Fluence 
(erg cm~^) 



Xr (d.0.f.) 



A 


11802 


0.110 


3.8 ±0.7 


B 


20 595 


0.135 


^■^-0.4 


C 


3 704 


0.018 


q-l-0.8 


D 


10497 


0.250 


4.4 ±0.5 



35 

30 
34; 
15 



-1-26 
-12 

flO 
-7 
f22 
-12 
-1-4 
3 



3.2 X 10*'^ 

3.1 X 10*" 

3.6 X lO-*" 

1.1 X lO-*" 



8.4 ±0.9 
-,Q 7+0.7 

111? 
10 ±1 



5±2 

3.9 ±0.6 

4±1 

2 0+°-^ 



1.6 X 10*" 

2.6 X 10*" 

4 X 10*0 

0.5 X 10*" 



2.0x10-'^ 0.90(34) 

3.5 X 10-'' 0.91 (34) 

0.6x10"' 1.22(34) 

1.7x10-' 1.07(34) 



Bolometric luminosity of first/second blackbody. 



Feroc i et al.'2004'). Among numerous possible spectral models (see 
Israe l et al. 2008, for a review), we tested the double blackbody 
model (2BB) that was successfully applied t o the SGR burst- 
ing emission over broad energy ranges (e.g. Olive et al.l 1 20041 : 



iFeroci et al.ll2004l : lNakagawa et al.ll20a7l : llsrael et al.ll2008h . In the 
case of SGR 1627-41 the 2BB model yielded a good description of 
the burst spectra as well (even though the additional free parameters 
with respect to the OTTB model were not statistically required); in 
Table[T]we show the spectral results for the brightest events. Similar 
to previous studies, our spectral fits show the presence of a 'cold' 
blackbody with kTi ~ 4 keV and emitting radius R\ ~ 30 km and 
a hotter blackbody, with kT2 ~ 10 keV and i?2 « 4 km. 

For these bright bursts we also produced the spectra corre- 
sponding to the rise, peak, and decay phases. The maximum lumi- 
nosity detected in the SGR 1627^1 data set was ~2 x 10*^ erg s"^ 
(burst B, peak phase; in particular, the hard blackbody component, 
with kT2 ~ 11 keV and radius R2 — 8 km, reached a luminosity of 
'^lO*^ erg s-^). Small variations with time were detected, though 
all the spectra are consistent with the model parameters of the cor- 
responding time-averaged spectrum (see Table [TJ simply re-scaled 
in normalisation (to account for the luminosity evolution during the 
burst). The results of this analysis are reported in Figure[3]where the 
two blackbody equivalent surfaces are shown as a function of their 
temperatures (only time resolved spectra with well-constrained fit- 
ting parameter values are shown). For comparison, we also report 
the corresponding measurements obtained for the intense 'burst for- 
est' e mitted by SGR 19 00-1-14 on 29 March 2006 and observed by 
BAT jlsrael et alj|2008r) . Despite the small number of photons de- 
tected in the SGR 1627-41 bursts, their spectral properties are in 
good agreement with those of SGR 1900-1-14. 

We also searched the data for a persistent emission from 
SGR 1627^1 during all the non-bursting intervals. For each event 
file, an image was generated excluding the burst time intervals and 
the BATCELLDETECT tool was run. We investigated two time in- 



01 




Figure 3. Square of radii for the 2BB model as a function of the correspond- 
ing temperatures for the time-resolved BAT data of bursts: empty squares 
mark the SGR \621-A\ events detected in 2 008 May, grey da ta refer to the 
2006 March 'burst forest' of SGR 1900+14 jlsrael et alj20o3) . 



tervals, the first one (see Figure|2]l ranging from time t — —5 533 
to —4331 s (net exposure time 1 201 s) and the second one from 
f = to 1 146 s (net exposure 1 140 s). In both cases we found no 
significant emission; the 3 a upper limits on the flux in the 15-50 
keV band for the above quoted intervals are 10-' and 4 x 10-^" 
erg cm-^ s-*, respectively (the large difference is due to the coded 
fraction at which the source was observed in the two cases). 

3.2 X-Ray Telescope data - Persistent emission 

The Swift XRT uses a CCD detector sensitive to photons with 
energies between 0.2 and 10 keV. Fourteen Swift observations of 
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Table 2. Journal of the 2008 Svvi/f/XRT observations. The observation se- 
quence number is composed of 00312579 followed by the three digit seg- 
ment number given here (e.g. 00312579001). 



Obs. 


Date 


Start/End time (UT) 


Exposure^ 


Count rate 




mm-dd 


hh:mm:ss 


(ks) 


(counts s^^) 


001 


05-28 


12:58:14 


13:31:27 


2.0 


0.067 ± 0.003 


002 


05-29 


14:47:17 


16:30:39 


2.0 


0.015 ±0.003 


003 


05-30 


11:35:15 


14:58:56 


1.9 


0.010 ±0.003 


004 


05-31 


08:49:41 


10:37:58 


1.8 


0.007 ± 0.002 


005 


06-01 


05:32:11 


07:34:56 


2.0 


0.008 ± 0.002 


006 


06-02 


08:37:17 


19:18:48 


2.1 


0.011 ±0.003 


007 


06-06 


10:35:23 


12:16:30 


0.6 


<0.03'' 


008 


06-09 


14:41:22 


16:19:56 


0.3 


<0.03'^ 


009 


06-12 


13:07:43 


16:35:58 


1.9 


0.006 ± 0.002 


010 


06-15 


03:34:10 


08:50:57 


3.8 


0.006 ± 0.002 


Oil 


06-18 


16:54:48 


20:24:56 


2.3 


0.010 ±0.002 


012 


06-21 


18:46:38 


23:39:55 


5.2 


0.008 ± 0.002 


013 


07-02 


05:17:00 


17:10:56 


1.5 


0.005 ± 0.002 


014 


07-05 


15:29:07 


21:59:57 


5.6 


0.005 ±0.001 


^ The 


exposure 


time is usually spread over 


■ several snapshots (single con- 


tinuous 


pointings at the target) during each ( 
er limit at 3 cr confidence level (folio 


jbservation. 




" Upp 


wing|Gehrels|| 19861). 



SGR 1627-41 were performed following the source re-activation. 
The XRT instrument was operated in photon counting (PC) mode. 
The first observation started about 4.6 hours after the first burst was 
detected by the BAT. Table |2] reports the log of the XRT observa- 
tions used for this work. The data were processed with standard 
procedures using the FTOOLS task XRTPIPELINE (version 0.11.6). 
We selected events with grades 0-12 and limited the analysis to the 
0.3-10 keV range, where the PC response matrices are well cali- 
brated. 

The source was significantly detected in all observations with 
exposure time longer than 1 ks with the mean count rates given in 
Table |2] These values, corrected for the loss of counts caused by 
hot columns and pixels (the correction factor was calculated with 
XRTMKARF), are plotted in Figure[T]after conversion to flux as de- 
scribed below. 

For the spectral analysis, we extracted the source events from 
a circular region with a radius of 20 pixels (1 pixel ~ 2.37"), 
whereas the background events were extracted within an annular 
source-free region centred on SGR 1627-41 and with radii 50 and 
75 pixels. Since individual data sets have too few counts for a mean- 
ingful spectral analysis, we extracted a cumulative spectrum. This 
corresponds to a total exposure of 32.9 ks and contains about 340 
net counts in the 0.3-10 keV range. The data were rebinned with 
a minimum of 15 counts per energy bin. The ancillary response 
file was generated with XRTMKARF, and it accounts for differ- 
ent extraction regions, vignetting and point-spread function cor- 
rections. We used the latest available spectral redistribution matrix 
(swxpc0tol2s6_20010101v010.rmf). Adopting an absorbed power- 
law model, we find the following best-fit parameters (x? = 1-13 



for 21 d.o.f.): absorption A^h 



lOl;^ X 10^ 



cm and photon 



index V = 1.5_q4. We used the resulting observed 2-10 keV flux 
of ~2.3 X 10~^^ erg cm~^ s~^ in order to derive the conversion 
factor 1 count s"^ ~ 1.8 x 10~^" erg cm~^ s~^. 

Although the uncertainties in the spectral parameters are large, 
the SwiftlXSH spectrum appears to be harder than the one ob- 
served by XMM-NewtonfEVlC in February 2008. To better investi- 
gate whether this hardening is statistically significant, we simulta- 
neously fit the XRT and EPIC spectra with an absorbed power-law 



model with linked parameters and a free normalisation factor. The 
resulting Xr (1-60 for 65 d.o.f.) is unacceptable, while an accept- 
able fit (Xr ~ 1-01 for 64 d.o.f.) is obtained once the photon index 
is also left free to vary independently. The best-fit parameters of the 



latter fit are: a common absorption of A^h 
and photon indices Fxmm ~ S.SIq '^ 
EPIC and XRT spectra, respectively. 



(IOI2) X 10^ 



3.5+^j and Txht 



1.5 



-1-0.3 



for the 



4 DISCUSSION AND CONCLUSIONS 

The recent, spectacular re-activation of SGR 1627-41, following a 
quiescent interval of nearly a decade, triggered the BAT instrument 
on board Swift on 28 May 2008. Tens of bursts were observed, with 
fluxes exceeding the underlying continuum by a factor >10^. The 
bursts achieved a maximum luminosity of ~10^^ erg s~^ and had 
a duration of <0.5 s, typical of the bursts detected in SGRs. Thanks 
to the rapid response of Swift, the source was repeatedly observed 
with XRT in the days following the 'burst forest' emission, leading 
to the earliest post-burst observations ever obtained for this SGR. In 
fact, at the time of the previous active period, the persistent emis- 
sion was observed only one month after the first burst detection 
( IWoodsetai]|l999h . 

With respect to the last pre-burst XMM-Newton observation, 
the source was detected in May-June 2008 at a much larger flux 
level (see Figure [T} and with a considerably harder spectrum. A 
serendipitous Chandra observation performed only 20 hours be- 
fore the detection of the bursting activity provides a 3 cr upper 
limit on the absorbed flux of 5 x 10"^^ erg cm"^ s"^ (0.5-10 keV 
band; Tiengo et al. 2008), showing that most of the flux enhance- 
ment occurred in less than a day. These facts indicate a signifi- 
cant phase transition marked by the burst activation. The correlated 
spectral hardening/flux increase is in line with what is observed i n 
the long term evolution of other magnetars (e.g. lMereghettill2008n . 
and expected in models in which the non thermal X-ray emis- 
sion is due to resonan t up-scattering by magnetospheric currents 
( [Thompson et al.ll2002l) . 

The early flux decay of the source is shown in Figure |4] 
where, for comparison, we also plot the flux of the decay that 
followed the past bursting activity of S GR 1627-41 and those 
of two AXPs, CXOUJ164710.2- -455216 jlsrael et al.l [JOOtI) and 
1E2259-I-586 jWoods et al.l 12004!) . The SGR 1627^1 data taken 
after more than two days from the May 2008 trigger are well fit 
by a power-law decay (index ~ —0.2), but the XRT points at 
earlier times shows a marked excess over this trend, indicating a 
very steep initial decay. This behaviour closely resembles that of 
IE 2259-1-586: in that case, after the June 2002 bursts active phase 
the source flux showed a double component decay, with a steep 
component that decayed rapidly during the first ~ 2 days , followed 
by a slower year-long decay phase (Woods et al.l 120041) . Interest- 
ingly, the phase of steep flux decay (and harder spectra) was asso- 
ciated with a long-lasting period of bursting activity. This is con- 
sistent with what was observed in CXOUJ164710.2-455216 and 
SGR 1627-41: in the former case, in which no steep/prompt decay 
was observed, the bursting activity was already over at the time of 
the first observation of the persistent flux. In the latter case, after the 
activation of June 1998 only a shallow decay was monitored >60 
days from the first bursts. The light-curve of the recent SGR 1627- 
41 decay reveals both, the steep and shallow phase, and the last 
burst was detected by Konus/Mnt/ betwee n the first and the sec- 
ond XRT pointing JGolenetskii et alj|2008t) . The new observations 
support the presence of two distinct time-scales (a short, ~1 day, 
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Figure 4. C ompari s on among flux decays of SGR 1627— 41 (this work, 
[woods et ail l2()08i iMereghetti eT^ l200d) . C XOUJ164710.2^5 5216 
(Israel et al.l2007t filled circles) and IE 2259+586 I'Woods et alj2004 filled 
triangles) following a period of bursts emission and/or glitch. In the case of 
SGR 1627^1 we report the available data for both the 2008 (filled squares) 
and 1998 (open squares) activation periods. The solid lines represent the 
power-law best-fits (see Section|4]for more details). 



and a longer one, ~month) in the flux decay following the out- 
burst of a magnetar. In this respect, we notice that while a steep 
decay seems to point toward a magnetospheric effect (for instance 
following current dissipation or other forms of activity), the decay 
index of the shallow phase ranges from about —0.6 (in the case 
of SGR 1627-41, 1998) to -0.2 (for lE2259-^586 and SGR 1627- 
41, 2008) and is roughly compatible with crustal co oling (consid- 
ering the uncertainties in the theoretical models, see lEichler et al.l 
|2006( and references therein). The energetics and relative impor- 
tance of the steep/shallow decay phases, nevertheless, greatly vary 
from source to source. Indeed, in some cases this requires a power- 
ing mechanism for the tail emission much more energetic than the 
bursts energy deposition. This might be associated with magneto- 
spheric current dissipation or crustal cooling following an impul- 
sive heat deposition. 

For several bursts we had enough counts to perform a spec- 
tral analysis. The parameter values derived from the 2BB fits are 
in agreement with the results of a com prehensive analy sis of a 
'burst forest' emitted by SGR 1900-F14 (Israel et al. 2008), which 
showed that the bursts populate almost homogeneously all temper- 
atures between ~2 and ~12 keV, with a bimodal distribution be- 
haviour and a sharp edge in the kT-B? plane. This supports the 
idea of two distinct emitting regions, a cold and larger one and a 
hot and smaller one which in turn may be associated to the es- 
caping regions of two populations of photons, from the O- and E- 
polarisation modes. Interestingly, the bright bursts detected from 
SGR 1627-41 lie within the cloud of the SGR 1900-1-14 bursts (Fig- 
ure [Sj and the luminosities of the two blackbody com ponents are 
in agr eement with the relation shown in Figure 6 of [Israel et al.l 
( 120081) ■ suggesting that short bursts form a continuum in terms of 
spectral properties, durat ion and fluence. Fi nally, we notice that in 
the scenario proposed by [Israel et alj 12008), the luminosity of the 
hot blackb ody is not expected to excee d the magnetic Eddington 
luminosity JThompson & Duncanll995h . In the case of SGR 1627- 
41, where the maximum luminosity observed by the BAT for the 
hot blackbody is ^lO^'^ erg s~^, this translates into a lower limit 
for the magnetic field of B > 1.8 x lO" G. 
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